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Abstract

Reusing software from current NASA missions can contribute to the data
processing capabilities of the Earth science decadal survey missions and other
future decadal-like missions focused on the Earth’'s climate and natural
systems. The use of tools and recommended standards and practices, such as
NASA's Reuse Readiness Levels (RRLs) to assess, identify, and categorize
reusable software assets helps to reduce risk and cost of the development of
mission software. Incorporating reuse practices In the software development
process enables its timely construction and permits more time for developers to

RRLs can be used to assess software under development or software being considered for adoption. The above left table
shows the overall levels, which are useful for quick assessments and/or a general view of an asset’s reuse maturity. The
above right table shows the nine topic area levels from which the overall RRLs were derived. These topic area levels can
provide a more granular assessment of an asset’'s reuse maturity.

RRL Topic Area Summaries
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A Reuse Enablement System (RES) offers capabilities to register and track
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also serves to educate and train developers on techniques proven effective for
similar purposes. We expect the RES, RRLs, and other reuse enablement
mechanisms to assist decadal missions in their software development lifecycles
and to form a framework for the effective and efficient development of mission
software, on-time, and within acceptable risk parameters and cost estimates, In
the years to come.

RRL 2

Initial reusability; software reuse is

not practical.

and cost-prohibitive.

Some source code, documentation, and contact information are provided, but these are still very
limited. Initial testing has been done, but reuse rights are still unclear. Reuse would be challenging

substantial effort, cost, and risk.

RRL 4

Reuse is possible; the software
might be reused by most users with
some effort, cost, and risk.

Software and documentation are complete and understandable. Software has been demonstrated in
a lab on one or more specific platforms, infrequent patches are available, and intellectual property
issues would need to be negotiated. Reuse is possible, but may be difficult.

RRL 5

Reuse is practical; the software
could be reused by most users with
reasonable cost and risk.

Software is moderately portable, modular, extendable, and configurable, has low-fidelity standards
compliance, a user manual, and has been tested in a lab. A user community exists, but may be a
small community of experts. Developers may be contacted to request limited rights for reuse.

negotiate additional rights.

RRL 8

Demonstrated local reusability; the
software has been reused by

multiple users.

statements.

Software has been shown to be extensible, and has been qualified through test and demonstration.
An extension guide and organization-provided support are available. Brief statements are available
describing unrestricted rights for reuse and developers may be contacted to obtain formal rights

RRL9

Demonstrated extensive reusability;
the software is being reused by
many classes of users over a wide
range of systems.

embedded into the product.

Software is fully portable and modular, with all appropriate documentation and standards
compliance, encapsulated packaging, a GUI installer, and a large support community that provides
patches. Software has been tested and validated through successful use of application output.
Multiple statements describing unrestricted rights for reuse and the recommended citation are

Partially to fully
commented source
code available

Very difficult to extend the
software system, even for
application contexts similar
to the original application
domain

Developers are discussing
rights that comply with their
organizational policies.

Some parts of the
software may be
portable

No standards
compliance beyond
best practices

Minimal support
available

Software application
formulated and unit
testing performed

original application domain

unknown input

Reference manual
available

Some extensibility is
possible through
configuration changes
and/or moderate software
modification

Developers have negotiated
on rights agreements.

The software may be
portable at a
reasonable cost

Standards compliance,
but incomplete and
untested

Moderate systematic
support is available

Software application
demonstrated in a
laboratory context

User manual available

Consideration for future
extensibility designed into
the system for a moderate

range of application
contexts; extensibility
approach defined and at
least partially documented

Agreement on ownership,
limited reuse rights, and
recommended citation.

Partial segregation of
generic and specific
functionality

Software is easily
configurable for
different contexts

The software is
moderately portable

Standards compliance
with some testing

Support provided by
an informal user
community

Software application
tested and validated in a
laboratory context

similar context

Extension guide and/or

design/developers
guide available

Demonstrated extensibility
on an external program,
clear approach for modifying
and extending features
across a broad range of
application domains

Recommended citation and
intellectual property rights
statement included in
product.

Verified standards
compliance with
recognized standards

Support available by
the organization that
developed the asset

Software application
"qualified" through test
and demonstration
(meets requirements)
and successfully
delivered

Documentation on

design, customization,
testing, use, and reuse

is available

Demonstrated extensibility
in multiple scenarios,
provides specific
documentation and features
to build extensions which
are used across a range of
domains by multiple user
groups

Statements describing
unrestricted rights,
recommended citation, and
developers embedded into
product.

All functions and data
encapsulated into
objects or accessible
through web service
interfaces

Installation user
interface provided

The software is
completely portable

Independently verified
standards compliance
with recognized
standards

Large user
community with well-
defined support
available

Actual software
application tested and
validated through
successful use of
application output
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Reuse Enablement System (RES)

The RES Is designed to provide information about and easy access to reusable Earth science software assets. This can
help developers achieve the benefits of reuse by encouraging systematic reuse, in part by providing them with a known

location at which to discover reusable assets. Below are three screenshots of the initial prototype RES: at left, the home
page as viewed by an anonymous visitor; at center, the full detail page for an asset as viewed by a Provider; at right, the
administrator’s interface. Some features of the RES are highlighted by red boxes.
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